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DATA BUS COMPRESSING APPARATUS 

BACKGROUND OF THE INVENTION 

Field of the Invention 

This invention relates to a bus compression device 
for reducing or compressing the number of bit signals 
representing parallel data. This invention is also 
directed to a bus decompression device for extending the 
number of bit signals representing compressed parallel 
data. Further, this invention relates to a data interface 
employing a bus compressing method and to a liquid crystal 
display using the data interface. 

Description of the Prior Art 

Since the transmission of audio information many 
years ago, higher band or capacity signals containing text 
information, video information and the like have been 
transmitted using various bus interfaces to transmit 
signals containing substantially more information than the 
audio information. The text information, video 
information and the like occupy a high frequency band and 
require many transmission lines. As the frequency band 
for the information and the number of transmission lines 
increase, an electromagnetic interference (EMI) increases 
between the transmission lines. The EMI problem is 
common in a data bus. In order to reduce the EMI in the 
transmission line, line matchers have been usually added • 
to the transmission line. However, such line matcher 
complicates a wiring structure of the transmission line 
and limits the system design. 

For example, as shown in Fig. 1, a computer system 
employing a liquid crystal display (LCD) includes various 
kinds of couplers LM1 to LM5 provided between a video card 
12 in a computer body 10 and data driver integrated 
circuits D-ICs 24 in an LCD 20. Specifically, twenty- 
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eight first line matchers LM1 corresponding to a 18-bit 
first bus 11 and a 10-bit first control bus 13 are 
arranged between the video card 12 and a first cable 
connector 16. Eighteen second matchers LM2 and ten third 
matchers LM3 respectively corresponding to a 18-bit second 
bus and a 10-bit control bus 23 are arranged between a 
second cable connector 18 and a controller 26. Finally, 
thirty-six fourth line matcher LM4 and seven fifth line 
matchers LM5 corresponding to a thirty-six bit third bus 
35 and a seven bit third control bus are arranged between 
the controller 2 6 and the D-ICs 24. 

As shown in Fig. 2, each line matcher LM1 includes a 
resistor Rl, a capacitor CI and an inductor LI which are 
connected in the T shape. As shown in Fig. 3, each line 
matcher LM2 includes a resistor Rl, a capacitor C2 and two 
inductors L2 and L3 . As shown in Fig. 4, each line 
matcher LM3 includes an inductor L4 and a resistor R3 . 
Each line matcher LM4 includes a resistor R4 and a 
capacitor C3 as shown in Fig. 5. The line matcher LM5 
includes an inductor L5, a resistor R5 and a capacitor C4 . 

The matchers LM1 to LM5 match an impedance and 
eliminate high frequency and/or low frequency components, 
thereby suppressing an occurrence of EMI. As a result, 
the data passing through the flexible printed circuit 
(FPC) cable 16 and the first to third data buses 11, 21 
and 25 and the clock and timing signals transmitted 
through the FPC cable 16 and the first to third control 
buses 13, 23 and 27 are not influenced by the EMI . 

As described above, in the conventional computer 
system having a number of line matchers installed in the 
transmission line extending from the video card in the 
computer body to the D-ICs in the LCD, the configuration 
thereof becomes complicated and the design thereof is 
limited due to the line matchers. Also, the conventional 
computer system requires as many transmission lines as the 
number of data bits. 
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Furthermore, as the number of picture elements or 
pixels in the liquid crystal panel increase above the XGA 
format, the data bus installed between the controller and 
the D-ICs must have a dual structure due to a response 
speed of the D-ICs. In this case, the circuit 
configuration of the LCD having a wiring structure becomes 
more complicated and a die arranged with the D-ICs must be 
enlarged. 

SUMMARY OF THE INVENTION 

Accordingly, it is an object of the present invention 
to provide a bus compressing apparatus which is capable of 
compressing data in such a manner to suppress an EMI as 
well as to simplify a data bus. 

Further object of the present invention is to provide 
a bus decompressing apparatus for decompressing the data 
compressed by the above-mentioned compressing method. 

Another object of the present invention is to provide 
an interfacing unit that is suitable for reducing the 
number of transmission lines. 

Still another object of the present invention is to 
provide a liquid crystal display wherein the wiring 
structure and circuit configuration thereof are 
simplified. 

In order to achieve these and other objects of the 
invention, a bus compressing apparatus according to one 
aspect of the present invention includes at least two bit 
lines for receiving a bit data stream each; at least two ■ 
voltage control means, each provided in the at least two 
bit lines, for changing voltage levels on each line into a 
ratio different each other; and adder means for adding the 
voltage levels changed by the at least voltage control 
means to generate and transfer an analog signal. 

A bus decompressing apparatus according to another 
aspect of the present invention includes means for 
receiving a single of analog signal in which at least two 
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parallel bit data are compressed; quantizing means for 
quantizing the analog signal from the receiving means; and 
coding means for coding the quantized analog signal to 
reconstruct the at least two bit parallel data, 

A data interfacing apparatus according to still 
another aspect of the present invention includes bus 
compressing means for compressing at least two bit 
parallel data into a single of analog signal; and bus 
decompressing means, being installed in a data terminal, 
for decompressing for decompressing the analog signal from 
the data compressing means into the at least two bit 
parallel data. 

A liquid crystal display according to still another 
aspect of the present invention includes driver integrated 
circuits for divisionally driving a liquid crystal panel 
with at least two bit video data; signal input means for 
inputting a single analog signal, in which the at least' 
two video data are compressed, from the exterior; and bus 
decompressing means for decompressing the analog signal 
from the signal input means into the at least two bit 
video data and for supplying the decompressed video data 
to the driver integrated circuits. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other objects of the invention will be 
apparent from the following detailed description of the 
embodiments of the present invention with reference to the 
accompanying drawings . 

Fig. 1 is a schematic view of a conventional computer 
system including a liquid crystal display; 

Fig. 2 is a circuit diagram of the first matcher 

shown in Fig. 1; 

Fig. 3 is a circuit diagram of the second matcher 

shown in Fig. 1; 

Fig. 4 is a circuit diagram of the third matcher 

shown in Fig. 1; 
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Fig, 5 is a circuit diagram of the fourth matcher 
shown in Fig* 1; 

Fig. 6 is a circuit diagram of the fifth matcher 
shown in Fig. 1; 

Fig. 7 is a schematic view of an LCD computer system 
employing a bus compressor and a bus decompressor 
according to an embodiment of the present invention; 

Fig. 8 is a circuit diagram of the bus compressor 
shown in Fig. 7; 

Fig. 9 is input and output waveform diagrams of the 
circuit shown in Fig. 8; 

Fig. 10 is a circuit diagram of the bus decompressor 
shown in Fig. 7; 

Fig. 11 is operational waveform diagrams of the bus 
decompressor shown in Fig. 10; and 

Fig. 12 is a circuit diagram of first to third level 
detectors shown in Fig. 10. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

Referring to Fig. 7, there is shown a computer system 
to which an interfacing device adopting the correlation 
modulation scheme according to a preferred embodiment of 
the present invention. As shown in Fig. 7, the computer 
system includes a computer body 30 having a video card 32 
and a bus compressor 34, and an LCD 40 connected to the 
video card 32 and the bus compressor over an FPC cable 36. 
The video card 32 is responsible for converting text and 
image information into video data in such a manner that 
the information is displayed as a picture by means of the 
LCD 40. The video data generated by the video card 32 
include red(R), green (G) , and blue(B) data for each pixel. 
Each one of the R, G, and B data has a 6-bit length, and 
hence the video data has a 18-bit length for each pixel. 

The video data VD comprising 18 bit lines are 
supplied, via a first bus line 31, to the bus compressor 
34. Further, the video card 32 applies control signals 
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including a data clock representing a period of the video 
data VD as well as various timing signals, via the first 
control bus 33, to a first connector 36A of the FPC cable 
36. 

The bus compressor 34 compresses the 18-bit video 
data VD from the first data bus 31 to 9-analog signals. 
Specifically, the bus compressor 34 modulates 2 bit data 
from two bit lines of the first data bus 31 to a single 
analog signal having a different amplitude signal AMS in 
accordance with logical values of the 2 bit data. To this 
end, the bus compressor 34 includes 9-bus compression 
cells connected to two separate bit lines among the 18 bit 
lines of the first data bus 31. The 9-analog signals AMS 
generated by the bus compressor 34 in this manner are 
transferred to the LCD 40 over the FPC cable 36. As 
described above, the 18 bit video data are compressed into 
the 9-analog signals to reduce the number of lines in the 
FPC cable 36. 

The LCD 40 includes a number of D-ICs 44 for 
divisionally and selectively driving the pixels in the 
liquid crystal panel 42, a bus decompressor 46 for 
receiving the 9-analog signals AMS from a second connector 
36B of the FPC cable 36, and a controller 48 for receiving 
10-control signals from the second connector 36B of the 
FPC cable 36. The bus decompressor 4 6 quantizes and codes 
the 9-analog signals AMS from the second connector 3 6B of 
the FPC cable 36 to substantially reconstruct 18-bit video 
data VD. 

The bus decompressor 4 6 includes 9-bus decompression 
cells (not shown) responsive and corresponding to the 
9-analog signals AMS. The reconstructed video data VD are 
commonly supplied, via a second data bus 41 comprising 18- 
bit lines, to the D-ICs 44. The controller 48 also 
applies the 7-control signals for controlling the 
operation of the D-ICs 44 using the 10-control signals 
from the second connector 3 6B of the FPC cable 36, via the 
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second control bus 43, to the D-ICs 44. The D-ICs 44 
sequentially receive the decompressed video data VD from 
the second data bus 41 comprising 7-control signals from 
the second control bus 43. The video data VD for one 
pixel line are distributively and simultaneously inputted 
to each D-IC 44 the output of which are supplied to the 
liquid crystal panel 42 to drive the pixels for one line. 
Such operations of the D-ICs 44 and the liquid crystal 
panel 22 are repeated for the number of pixel lines, 
thereby displaying a single image. 

The respective 2-bit data are compressed into a 
single analog signal by the bus compression cells. As a 
result, the line number of FPC cable transmitting the 
video data is reduced to H and power consumed for the 
transmission of the video data is reduced. As a result, 
the EMI outputted from the FPC cable is reduced. 

Further, if the bus decompressor 4 6 are located 
within each D-ICs 44 and an analog signal is applied from 
the second connector 36B of the FPC cable 3 6 to the D-ICs 
44, then the EMI generated in the video data transferred 
from the video card 32 to the D-ICs 44 can be minimized 
and the wiring structure between the second connector 36B 
of the FPC cable 36 and the D-ICs 44 can be simplified. 

Moreover, if that the bus compression cells of the 
bus compressor 34 compress 3 or more bits of data rather 
than 2 bits of data into a single of analog data, then the 
line number of FPC cable can be further reduced and the 
wiring structure between the second connector 36B and the- 
D-ICs 44 can be further simplified. 

Fig. 8 is a circuit diagram of the bus compression 
cell included in the bus compressor 34 shown in Fig. 7. 
The bus compression cell includes a first resistor Rl 
connected between, for example, an odd-numbered bit line 
31A of the first data bus 31 and an output line 51, and a 
second resistor R2 connected between, for example, an 
even-numbered bit line 31B of the second data bus 31 and 
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the output line 51. The first resistor Rl drops a voltage 
level of the odd-numbered bit data Dn from the odd- 
numbered bit line 31A by 1/3 and delivers the reduced 
voltage signal to the output line 51. The second resistor 
R2 drops a voltage level of the even-numbered bit data 
Dn+1 from the even-numbered bit line 31B by 2/3 and 
delivers the reduced voltage signal to the output line 51. 

Accordingly, the output line 51 outputs an analog 
signal AMS (Amplitude Modulated Signal) having a sum 
voltage of voltage signals dropped by the first and second 
resistors Rl and R2 at the bit transmission line 36A. The 
analog signal emerging at the output line 51 are applied 
to the second connector 3 6A of the FPC cable 36 in Fig. 7. 

As shown in Fig. 9, the analog signal AMS has an 
amplitude varying in accordance with a logical value of 
the 2 bit data Dn and Dn+1 from the odd-numbered and even- 
numbered bit lines 31A and 31B. Such an analog signal "AMS 
has an average voltage corresponding to H of the video 
data to consume only a power corresponding to 1/4 compared 
with the video data VD. As a result, the first and second 
resistors Rl and R2 serve to convert 2 bit parallel data 
into an amplitude signal. To this end, the first and 
second resistors Rl and R2 are set to have a resistance 
value ratio of 2 to 1. 

Similarly, if the bus compression cell of the bus 
compressor 34 is used for compressing 3-bits of data, then 
there are three resistors Rl, R2 and R3 outputs of which 
are connected together. In such case, the values of Rl, • 
R2 and R3 are set to have a ratio of 4 to 2 to 1, 
respectively. 

Fig. 10 is a circuit diagram of the bus decompression 
cell included in the bus decompressor 4 6 in Fig. 7. Fig. 
11 is operational timing diagrams of each part of the bus 
decompressor 46 shown in Fig. 10. Referring now to Fig. 
10, the bus decompression cell includes first to third 
level detectors 50, 52 and 54 which are commonly connected 

8 
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to an input line 53 coupled with the second connector 36B 
of the FPC cable 36 in Fig. 7, and a coder 56 for coding 
the output signals of the level detectors 50, 52 and 54, 
The first to third level detectors 50, 52 and 54 detect a 
5 voltage level (i.e., amplitude) of an analog signal AMS 

from the bus compressor 34. A sample AMS signal is shown 
in Fig. 11. 

The first level detector 50 generates a low logic of 
first amplitude detection signal AD1 when the analog 

10 signal AMS is above a first predetermined voltage level. 

The second amplitude detection signal AD2 generates a low 
logic of second amplitude detection signal AD2 when the 
analog signal AMS is above a second predetermined voltage 
level. The third amplitude detection signal AD3 generates 

15 a low logic of third amplitude detection signal AD3 when 

the analog signal AMS is above a third predetermined 
voltage level. The first to third amplitude detection' 
signals AD1 to AD3 indicate an amplitude value (or a 
quantized value) of the analog signal AMS. As a result, 

20 the first to third level detectors 50, 52 and 54 serve to 

quantize the analog signal AMS. 

The coder 56 codes the amplitude values assigned by 
the first to third amplitude detection signals AD1 to AD3 
from the first to third level detectors 50, 52 and 54 into 

25 2 bit data. The low order bit data and the high order bit 

data coded by the coder 56 are used as the odd-numbered 
bit data Dn and the even-numbered bit data Dn+1, 
respectively. The second level detection signal AD2 
generated at the second level detector 52 is used as the 

30 even-numbered bit data Dn+1. On the other hand, the odd- 

numbered bit data Dn are generated by logically combining 
the first to third level detection signals AD1 to AD3. To 
this end, the coder 56 includes first and second AND gates 
AND1 and AND2, and a negative logic buffer NB1. The odd- 

35 numbered and even-numbered bit data Dn and Dn+1 
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reconstructed in this manner are supplied to the second 
data bus 41 in Fig. 7. 

Fig, 12 is a circuit diagram of an embodiment of the 
level detectors 50 to 54 shown in Fig. 10. The respective 
level detectors 50, 52 and 54 include an NMOS transistor 
MP1 connected to an input line 53, a ground GND and the 
node 55, and a third resistor R3 connected between the 
node 55 and a power supply Vcc. The NMOS transistor MP1 
bypasses a voltage at the node 55 to the ground GND when 
an analog signal AMS applied from the input line 53 to the 
gate terminal thereof is greater than a threshold voltage 
Vth of the transistor MP1, thereby generating a low logic 
of amplitude detection signal AD. Alternatively, the NMOS 
transistor MP1 opens the node 55 from the ground GND when 
the analog signal AMS applied from the input line 53 to 
the gate terminal thereof is less than the threshold 
voltage Vth, thereby generating a high logic of amplitude 
detection signal AD on the node 55. The threshold voltage 
Vth of the NMOS transistor MP1 is determined depending on 
the voltage levels to be detected by the level detectors 
50, 52 and 54. Specifically, the threshold voltage Vth of 
the NMOS transistor MP1 is preferably set to be slightly 
less than about Vcc/3 in the case of the first level 
detector 50 detecting a voltage corresponding to 1/3 of 
the supply voltage Vcc, to about Vcc/3 to Vcc * 2/3 in the 
case of the second level detector 52 detecting a voltage 
corresponding to 2/3 of the supply voltage Vcc, and to 
about Vcc x 2/3 to Vcc in the case of the third level 
detector 54 detecting a voltage corresponding to the 
supply voltage Vcc. Accordingly, an amplitude detection 
signal AD generated at the node 55 has a high logic when 
the analog signal AMS is less than the subject detecting 
voltage while having a low logic when the analog signal 
AMS is higher than the subject detecting voltage. 

As described above, in the bus compressor according 
to the present invention, at least two-bit data are 

10 
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compressed into a single analog signal, thus reducing the 
number of transmission lines such as an FPC cable, to at 
least 1/2 as well as reducing the power consumption 
required for the data transmission to at least 1/4. As a 
result, the bus compressor is capable of maximally 
suppressing the occurrence of the EMI. 

Further, in the interfacing device employing the bus 
compressor and the bus decompressor according to the 
present invention, at least two parallel bit data are 
transferred in the form of a single amplitude signal, thus 
reducing the number of transmission lines for transmitting 
data as well as the power consumption. Accordingly, the 
data transferred through the interfacing device according 
to the present invention are almost not interfered by the 
EMI. Also, in the interfacing device, a number of line 
matchers are eliminated to simplify the circuit 
configuration thereof and to enhance circuit design 
options . 

Further, in the LCD according to the present 
invention employing the above-mentioned interfacing 
device, at least two parallel data are inputted to the bus 
decompressor in the form of a single analog signal, thus 
reducing the number of transmission lines in the FPC cable 
as well as the power consumption for the data reception. 
As a result, the LCD according to the present invention is 
capable of minimizing an affect of the EMI. Also, the 
line matchers for suppressing the occurrence of the EMI 
are eliminated to simplify the circuit configuration. 
Moreover, in the LCD according to the present invention, 
the bus decompressor can be mounted in each D-IC and the 
data transmission line is commonly connected to the D-ICs, 
thereby further simplifying the wiring structure and 
reducing the liquid crystal panel dimension. 

Although the present invention has been explained by 
the embodiments shown in the drawings described above, it 
should be understood to the ordinary skilled person in the 
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art that the invention is not limited to the embodiments, 
but rather that various changes or modifications thereof 
are possible without departing from the spirit of the 
invention. Accordingly, the scope of the invention shall 
be determined only by the appended claims and their 
equivalents * 



12 



